Abstract We designed observational surveys of controlled foraging trips of Baka hunter-gatherers in Cameroon to verify the 'wild yam question'-i.e. is it possible for human beings to live without agricultural products in a tropical rainforest?-and to examine their foraging lifestyle. We observed two 20-day trips during which no agricultural or commercial food except salt and pepper could be used. The first trip was conducted by six married couples in August, the short dry season, of the year 2003, and the second one by eight married couples in October, the rainy season, 2005. The Baka cooperators obtained 22 species and 43 vernacular names of food in all during both survey periods. No cooperators lost weight from any food shortage in both seasons. Energy intake per consumption-day was estimated at 2528-2865 kilocalories in the dry season, and at 2479-2777 kilocalories in the rainy season. Providing more than 60% of estimated energy intake in both seasons, wild yam tubers proved to be an essential food to enable a foraging life in tropical rainforests. From this survey we could find no evidence that it is impossible to live independently of agriculture in a tropical rainforest although it seemed that the cooperators paid a high energy cost to secure food, especially wild yam tubers. This study implies that a Paleolithic foraging lifestyle in the African tropical rainforest was very likely, although not easy, and that Paleolithic foragers may have been the ancestors of the present 'pygmy' hunter-gatherers.
Introduction
In the late 1980s, arguments arose among researchers of hunter-gatherer societies concerning the hypothesis of the 'wild yam question,' i.e. is it possible for human beings to live without agricultural products in a tropical rainforest ? One of the main reasons for the debate is that tropical rainforests are not rich in food resources. Based on ecological surveys of the Ituri Forest, Hart and Hart (1986) questioned whether hunter-gatherers entered the interior of rainforests as both animal and botanical food resources were poorer than in its fringe or in the forestsavanna ecotone. Headland (1987) argued that human beings could not live independently of agricultural products in tropical rainforests where the availability of starchy food such as wild yam tubers was poor. According to Vincent (1984) , tropical rainforests have far less biomass of tuberous plants than savanna. Mammalian biomass also is reported to be less than in drier environments (Barnes and Lahm, 1997) . Another reason is the assertion of Bailey et al. that there are neither pure hunter-gatherer groups in tropical rainforests in the present day, nor evidence that they lived there in the past (Bailey et al., 1989) . Furthermore, according to Headland (1997) , modern-day hunter-gatherer societies have lived with long histories of trade and interaction with the dominant societies around them. In contrast, Bahuchet et al. (1991) , Brosius (1991) , Dwyer and Minnegal (1991) , Endicott and Bellwood (1991) , and Stearman (1991) countered the hypothesis based on their own fieldwork in Africa, Borneo, Papua New Guinea, the Malay Peninsula, and the Amazon in a special issue of Human Ecology on the 'wild yam question.' Elsewhere, from the ecological viewpoint, Colinvaux and Bush (1991) mentioned that the primary habitants in rainforests, especially the Amazon forest, were likely to have been hunter-gatherers. With regard to Africa, giving an example of the Aka hunter-gatherers, Bahuchet et al. (1991) made the point that the tropical rainforests in the west of the Republic of Central Africa were composed of diverse vegetation and in some areas the productivity of wild yam tubers was sufficient to support a local group of huntergatherers. In addition, Hladik and Dounias (1993) argued that the forests in southern Cameroon have diverse yam plants and their productivity could possibly support a foraging lifestyle. Emphasizing the capability of a pure foraging lifestyle in tropical rainforests, however, they did not go far enough to entirely reject the hypothesis of the 'wild yam question.' Since then, archaeological records, which have the potential to disprove it, have been accumulated. In the late 1990s the research team of Mercader excavated one site after another in the African tropical rainforests (Mercader et al., 2000 Mercader and Brooks, 2001; Mercader, 2002; Mercader and Martí, 2003; Mercader, 2003) . They found evidence that the sites in the Ituri Forest in the east of the Democratic Republic of Congo were used sequentially from 18800 years BP to 800 years BP and the sites in the forests of southwestern Cameroon and Equatorial Guinea from 40000-30000 years BP to 9000 years BP. These forests did not become entirely savanna vegetation but they left considerable forested areas, i.e. they presented open forest environments, even in the Leopoldvillian cold climate period, and they have presented dense forest environments since 10000 years BP. Mercader's work raised the possibility of a purely foraging lifestyle at least in African tropical rainforests. However, neither the archeological record, nor the ecological data on food resources in tropical rainforests is sufficient to establish this definitively. Nor do we have clear ideas about what enabled it or how hunter-gatherers could live independently of farmed agricultural products in tropical rainforests. Further archeological records, ecological data of food resources, and behavioral data of foraging life in tropical rainforests are needed. And as Bailey and Headland (1991) noted, experimental studies of the costs and benefits of foraging are also necessary.
Since 1995, in order to examine the potentiality of tropical rainforests as a human habitat, we have surveyed the distribution and reserves of forest food resources, especially wild yam tubers, in the tropical rainforest of southeastern Cameroon. Our findings support Bahuchet's view, showing that the forest of southeastern Cameroon could have enough wild yams and yam-like plants to sustain a pure foraging lifestyle in a tropical rainforest (Sato, 2001 (Sato, , 2006 . Even if, however, yam and yam-like tubers were plentiful, additional practical and concrete data is needed on the foraging life in a tropical rainforest: how much forests can supply of the nutritional requirements of foragers, what cost must be paid for procuring them, how many people those starchy foods can feed, to what extent other food sources can contribute to foragers' dietary needs, and so on. Furthermore pure foragers no longer exist anywhere at present (Bailey et al., 1989) . In the African tropical rainforest we have only a few reports on temporary foraging trips of hunter-gatherer groups who usually subsist on self-farming or farmers' assistance other than hunting and gathering (Kitanishi, 1995; Yasuoka, 2006) . Therefore we designed observational surveys of controlled foraging trips to verify the 'wild yam question' and to reveal details of how they lived off the land. Gaining the cooperation of the Baka hunter-gatherers inhabiting southern Cameroon and northern Republic of Congo, we made two 20-day trips in different seasons, during which no agricultural or commercial food except salt and pepper could be used, in the forest of southeastern Cameroon.
In this paper we aim at testing the 'wild yam question' hypothesis, positive or negative, and at elucidating the critical factors determining whether the test is positive or negative, examining what food resources the Baka cooperators acquired and what cost they paid to get food, and, if negative, discussing whether the findings of this study can be applied to reconstruct a Stone Age foraging lifestyle in the African tropical rainforest.
Materials and Methods

Survey area and cooperators
All the Baka cooperators (Table 1 ) lived in a sedentary small settlement near a farmers' village, Ndongo, in southeastern Cameroon. The Ndongo villagers consist of the majority Bakwele farmers and the minority of Bamileke and Hausa merchants from northern Cameroon while the Baka, about 300 people, are the largest ethnic group around Ndongo Village. Significant numbers of the Baka have now settled along a main road and keep banana fields and cacao fields, as neighboring farmers do (Sato, 1992; Kitanishi, 2003) . In addition, almost all of them get some money, local wine and food by helping local farmers. Nevertheless, they customarily enter the forest to catch animals, chiefly using snares, and collect seed nuts such as wild mango seeds for one or two months a year, taking field crops, plantain bananas or cassava tubers. Thus the Baka people in this area maintain the knowledge and technology to live off the forest. The cooperators were no exception.
The first trip was conducted in the dry season of August 2003 , and the second one in the rainy season of October 2005. The Baka cooperators spontaneously selected the same place (14°45′20″ E, and 2°12′30″ N) at the base of Mount Bek, about 600 meters above sea level, for their campsite in both trips (Figure 1 ). People rarely visited the forest around the campsite as it took two days on foot from Ndongo Village. The vegetation around Mount Bek is semi-deciduous forest including small marshlands with an annual rainfall of less than 1600 mm (Letouzey, 1985) . In the survey area there are four seasons: a minor rainy season, April-May, a minor dry season, June-August, a major rainy season, September-November, and a major dry season, December-March. As shown in Figure 2 , at Moloundou, the capital of this region, 50 kilometers east of Ndongo Village, the mean monthly rainfall in this area is 40 to <120 mm in the major dry season, about 150 mm in the minor rainy season, around 100 mm in the minor dry season, and 130 to >200 mm in the major rainy season. The mean monthly temperature is 25°C all year round. Mount Bek is rich in wild yam tubers (Sato, 2006) and the Leke River running beside the campsite was known as a treasure house of fish. Although this area was too far to be used for ordinary hunting or gathering trips, the Baka cooperators identified it as a bountiful forest and selected this place for the campsite.
The cooperators in the first trip consisted on six married couples, including four children under 7 years old, and those in the second trip eight married couples, including seven children under 10 years old. Since the cooperators did not habitually count their age, we estimated their age except for the children whose ages we could identify. They had a wide age range from early 20s to early 50s but many of them were in the younger age group from 20s to 30s. Four among six couples in the first trip also participated in the second trip.
Controlled foraging trip and observation period
In both trips it took three days to reach the campsite. On the day of arrival the cooperators spent a lot of time in building their traditional domical small huts called 'mongulu' in Baka language and providing for the foraging life. The following day the surveys started. From leaving the home settlement to the morning of the beginning day the cooperators ate agricultural food such as plantain bananas and commercial food, but from then to the morning of the final day they depended on forest food resources except for salt and pepper. During that time the research team members exclusively lived off agricultural and commercial foods. On the first trip the observation survey began on the morning of 16 August and ran through to the morning of 5 September 2003. On the second trip, six families were observed for 21 days from the morning of 2 October to the morning of 23 October 2005, while two other families were observed for 20 days from the mornings of 3 to the morning of 23 October because their participation was one day late.
Body weight
We checked the cooperators' body weight using a digital weight scale (Tanita THD-652, Japan) every morning (6:00-6:30) before breakfast. The children's body weight was also checked in the morning of the starting day and ending day during the first trip and every morning during the second trip.
Time spent in foraging activities and activity observation
Everyday we timed every cooperator going out and returning to the camp. Coming back, all the cooperators were asked what they did in the forest. From these data we estimated the time spent in foraging activities by each cooperator. In order to know their activity pattern, the time allocation, the division of labor by sex, and so on, the direct activities of every cooperator were observed from morning (6:00) to evening (18:00) of one day, to which the observation day was randomly allotted in both trips. In this survey geographical information was also collected using a GPS receiver (Garmin eTrex, USA).
Weighing food and estimation of dietary intake
All food brought back to the camp was identified and weighed using a digital hanging scale (Bonso model 393, HongKong), a digital kitchen scale (Tanita KD-174, Japan) and a spring scale. All the discarded rotten food during survey periods and the remnant food at the end of survey were also weighed. Animals were identified with the aid of Kingdon's book (1997) . As for the plants, we first recorded their vernacular names and then, referring to Letouzey (1976) , Hamon et al. (1995) , and Dumont et al. (1994) , we cited their scientific names. Occasionally weighing the food before and after cooking and, in the case of game, the leftover bones after eating, we estimated the rate of edible portions for yam tubers, nuts, leaves, games' meat, snails, and termites. Those for snakes, fish, and honey are derived from Kitanishi (1995) (Leung, 1968) , that for leaves from Mialoundama (1993) nology, Japan, 2005) . From above data we estimated the total energy intake of all participants in the camp and the per-capita daily energy intake (the total energy intake per consumption-day). The consumption-day was the adjusted number of participants × observation days. Participants were divided into two categories: adult persons and children (3-10 years old), one person of which was converted to 70% of an adult person based on estimated BMR (basal metabolic rate) from body weight by sex and age grade (FAO, 2001) .
Energy expenditure and steps walked
A portable accelerometer (Kentz Lifecorder EX, Japan) was worn on the waist of every cooperator from morning (6:00) to evening (18:30) every day to measure the energy expenditure for foraging activities. Since the accelerometer was not made to catch the multidimensional actions of foraging activities in the forest, however, we have not used the data here. However, the accelerometer was equipped with a pedometer that counted the cooperator's steps walked. We use the pedometer data as a method to measure the cost expended for foraging activities.
Outline of the controlled foraging trip
In both trips the cooperators used their usual tools such as machetes, spears, iron fittings fixed on the point of wooden digging sticks, which were instantly prepared at the time of digging yam tubers, wire-snares, axes, hooks and lines, fishing nets, carrying baskets, etc., for foraging activities.
During both survey periods the cooperators engaged in collecting wild yam tubers, wild honey, termites, edible fungi, nuts, etc.; trapping with wire-snares; and fishing. While honey collecting, trapping, net fishing, and hook and line fishing were done exclusively by men, and dam and bail fishing by women, collecting yam tubers, termites, nuts, and edible fungi were done by both men and women ( Table 2) .
The common activity pattern was that each couple went out to collect wild yam tubers every two or three days and on the other days they engaged in collecting nuts, honey, termites, etc., or in fishing in the dry season. Most of the wiresnares were set around the campsite and men made the rounds of them every day before breakfast or on their way back from other foraging activities.
Usually adult men had meals together, which their wives cooked, at a meeting place called 'mbanjo' in the center of the campsite both in the morning and evening, whereas women and their children had meals at the front of their own huts. Normal meals in the morning were only boiled yam tubers; the evening meal consisted of yam tubers and soup of meat, fish, or fungi with nut paste. As husbands shared the food at the 'mbanjo' and wives often interchanged plates with each other, it was unlikely that any individuals lacked food.
Statistical analysis
All statistical analyses were done using statistical package JMP (version 8.0.2).
Research ethic
Before the two main trips, we made a preliminary 10-day trip with six married couples in the forest near their settlement in August 2001 to determine what conditions were needed to conduct each research trip safely. Based on this preliminary trip, we informed the cooperators on the details of our research and the necessary conditions: staying in the forest for about three weeks, subsisting only on forest food resources during the trip, being observed daily as to body weight, subsistence activities, meals, and so on, and being able to withdraw from the research whenever some problem occurred. We asked each of the cooperators to voluntarily participate in this study and gained their consent.
Results
Body weight
On both trips the body weight of almost all the cooperators varied little day to day. Comparing it between the first half and the last half of the survey period, most of them kept their weight consistently, or modestly increased their weight in the last half, with the exception of a few women in the dry season and one man in the rainy season who slightly lost weight in the last half (Table 3) . Among them the weight loss of one woman (DF52) in the dry season and one man (RF81) in the rainy season appeared to be due to a feminine ailment and a digestive upset, respectively.
Food brought back to the camp
Food brought back to the camp during both survey periods consisted of various food types: wild yam tubers (5 species), mammals (12 species), freshwater fish (18 vernacular names), termites (one vernacular name), honey (one vernacular name), nuts (2 species), and edible fungi (16 vernacular names). There were 22 species and 43 vernacular names of food in all (Table 4) . Among these, the first ranking in weight was wild yam tubers, and then mammals followed by fish in the dry season and by nuts in the rainy season (Table 5 ). In both seasons yam tubers and mammals occupied more than 90% in weight composition although there were a few seasonal differences; the amount of yam tubers in the rainy season was larger than in the dry season, whereas the catches of mammals in the dry season were larger than in the rainy season. Catches of fish also were larger in the dry season. Although the lowered water level enabled large catches of fish in the dry season, the causes of large catches of mammals in the dry season were not identified but might have been attributable to the contingency in hunting. The large amount of yam tubers collected in the rainy season will be discussed later. Among the five species of wild yam tubers collected Dioscorea praehensilis ('safa'), an annual plant, supplied the bulk of their food in both seasons. A large number of the mammals trapped were small-and-mediumsized forestry duikers weighing 5-15 kg. While a small number of large-sized catfish were found in their big catches, a * an iron fitting fixed on the point of a digging stick. ** Almost all nuts were collected from Panda oleosa while very few irvingia nuts were found. *** Maranta leaves, especially those of Megaphrynium macrostachyum, are often used in place of a metal pan for bailing.
great number of small fish constantly provisioned the diet of the camp, especially in the dry season. Almost all the nuts were Panda oleosa. Honey brought back to the camp represented only a portion of the total collected as the cooperators usually consumed part of the honey at the collecting place.
Stability and fluctuation of food procurement
The cooperators usually collected wild yam tubers in units of married couples. Each couple left the camp with the intention to collect wild yam tubers on an average of 10 days at an interval of around a day during both surveys (Table 6 ). Henceforth we express the day when a couple collected wild yam tubers as the yam collecting day (YCD). The mean weight of yam tubers collected by each couple on YCD was 9-12 kg per day in the dry season and 10-16 kg per day in the rainy season (Table 7) . Although the weight of yam tubers collected by each couple slightly varied from day to day, it did not correlate with the order of YCD with the exception of a couple that showed a negative correlation in the rainy season: the weight of yam tubers decreased by the day because of the husband's sickness. Neither in the dry season nor in the rainy season was there a statistically significant difference in the weight of yam tubers collected by couple between the first half and the last half of the survey period (Table 8 ). This suggests that there was no evidence of gathering pressure on yam tubers, causing resource shortage, at least during the 20-day survey period. Although there was a slight seasonal difference and daily fluctuations, the cooperators consistently secured a considerable amount of yam tubers in both seasons. Other than yam tubers, there was great variability among couples in the weight of food brought back in both seasons (Table 9) . It is especially noteworthy that the quantity of captured game, which was of importance in terms of food supply, ranged widely from couple to couple in both seasons. It is unlikely that the difference in the amount of acquired food among couples can be linked to the inequality of food intake, however, as not only game meat but also other foods such as boiled yam tubers were usually shared by all cooperators at meals. There was no statistically significant difference in the weight of game caught by couples between the first half and the last half of the survey period (Table 10) ; however, the weight of nuts in the dry season in the last half was larger than in the first half (Table 11 ). These things also suggest that there was no evidence of hunting and gathering pressure on game and nuts.
Energy and protein intake
We did not measure individual food intake. Instead, we derived the total food intake of cooperators and their children from all food acquired less any leftovers, the bulk of which was preserved dry meat taken back to their settlement, and the amount of food discarded during each survey period. The cooperators usually left the yam tubers brought back behind their huts, covered with leaves to prevent drying. According the cooperators, yam tubers start going off two or three days after being collected. On the second trip, about 5% of yam tubers collected were discarded because of rot. Since we did not weigh the discarded tubers in the first trip, in the estimation of food intake we assumed yam tubers would have been discarded at the same rate as the second trip. Some yam tubers were brought back to the home settlement and some used for packed lunches on the way back home from the camp after the surveys finished. Thus, ingested yam tubers were estimated at 1.4 kg per consumption-day in fresh weight in the dry season and 1.5 kg per consumptionday in the rainy season. Nuts, game, and fish were dried and preserved on their fires except for food that was cooked on the day of foraging. A portion of these dried foods was also brought back to their home. Above all, a large amount of game meat was brought back since it was of particular value MF: mean weight and standard deviation during the first half of survey period. ML: mean weight and standard deviation during the latter half of survey period. BMR: basal metabolic rate estimated with the equations of FAO (2001: 37) . Trend: Plus indicates weight's increasing and minus weight's decreasing from the first half to the latter half of survey period. * P < 0.05, ** P < 0.01, *** P < 0.001. in the settlement where the cooperators could not have it very often and could also sell it. Therefore, ingested meat was estimated at 0.4 kg per consumption-day in fresh weight in the dry season and 0.3 kg per consumption-day in the rainy season. We estimated the daily total energy intake at 2528-2865 kcal per consumption-day in the dry season, and at 2479-2777 kcal per consumption-day in the rainy season (Table 12 ). Daily total energy intake per consumption-day in the dry season was slightly larger than that in the rainy season. The contribution of food type to total energy intake was similar in both seasons: yam tubers supplied more than 60% of the total energy intake, game meat 15-20%, and nuts around 10% and the sum of these three food types more than 90%. The daily total protein intake was estimated at 114.5-146.1 g per consumption-day in the dry season and 93.0-125.4 g per consumption-day in the rainy season. Although around 60% of total protein intake was from animal protein in both seasons, its contribution in the dry season was larger than in the rainy season due to larger catch of game and fish. 
Intensity of foraging activities
We timed the periods the cooperators spent outside the campsite, except for urination and carrying water and fuel for their fires. This time (working time) could be regarded as the time spent in the cooperators' food-getting activities. We also recorded with pedometers the number of steps walked by cooperators everyday. Most cooperators presented a strong positive correlation between their daily working time and number of steps walked except for a few persons in both seasons (Table 13 ). The mean working time and number of steps walked per person per day had a seasonal difference; those in the dry season were larger than in the rainy season (Figure 3 ). There was a large daily variance in the working time and number of steps walked by individuals. One of the reasons was the high intensity of activity on YCD (Table 14) . The daily working time of couple on YCD, 800-1000 minutes, was 1.2-1.5 times longer than that on days Interval: interval of days between each contiguous yam collecting day. Ss: Statistical significance (ns, not significant), *P < 0.05. other than YCD and the daily steps walked by couples on YCD, 20000-30000, were 1.4-3.0 times more than those on days other than YCD in both seasons. We recorded many cases where the steps walked by cooperators greatly decreased on the day after they took long walks. This is because the yam collecting area was concentrated around Mount Bek, about 2.5 km from the camp. As shown in Figure 4 , any sites of foraging activities other than yam collecting were a shorter distance from the camp, although there was a difference that nut collecting sites were widely dispersed whereas most snaring sites were within a radius of 1 km from the camp. On YCD, cooperators had to walk 3-4 km along mountain roads back to the camp carrying heavy tubers of around 10 kg on their backs. Thus the cooperators would intentionally engage in lighter activities on the days other than YCD. However, neither the working time and steps walked of couples on YCD, nor the weight of yam tubers collected per unit of working time and per unit of steps walked by couples on YCD had a correlation with the order of YCD (Table 15 ). This suggests that during both survey periods there was no gathering pressure to cause the cooperators to increase the intensity of yam collecting activity, or to decrease its efficiency by the day. Nor was there a difference in the mean daily working time and number of steps walked by couples between the first half and the last half of research period (Table 16 ). First: The weight per day of games caught in the first 10 days. Last: The weight per day of games caught in the last 10 days. *The first half of research period includes 11 days except for RF6 and RF7. Wilcoxon's test P = 0.0313 ns First: The weight per day of yam tubers collected in the first 10 days. Last: The weight per day of yam tubers collected in the last 10 days. * The first half of research period includes 11 days except for RF6 and RF7. Fresh weight of food which was not eaten in the camp.
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Food discarded because of rot.
4
Remaining food at the end of the survey. A child was converted to 70% of an adult.
In the 2005's survey one meal for a person in the evening on the beginning day of survey is calculated as 0.6 consumption-day, because the breakfast on the last day was not weighed.
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The weight of discarded tubers was estimated at the same discard rate recorded in the 2005 survey.
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The energy values for yam tubers, seeds, leaves, game's meat, snake, fish, snail, termite and honey are derived from Leung (1968) , and those for the others are from Standard Tables of Food Composition in Japan (Ministry of Education, Culture, Sports, Science and Technology, Japan, 2005).
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The edible ratio for yam tubers, seeds, leaves, game's meat, snail and termite were measured by authors, that for snake, fish and honey are derived from Kitanishi (1995) and that for the others are from Standard Tables of Food Composition in Japan (Ministry of Education, Culture, Sports, Science and Technology, Japan, 2005).
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Gnetum leaves are excluded because of the extremely small amount.
Discussion
Answers to the 'Wild Yam Question'
The possibility of a hunting-gathering lifestyle in the African tropical rainforest Although the surveys suffered from certain restrictions, such as a small population, short term, only two seasons, and a narrow forest area, there was no evidence against the possibility of a hunting-gathering lifestyle in a tropical rainforest. Recently, a long-term foraging trip ('molongo' in Baka language) of a different Baka group in a forest close to this survey area was reported (Yasuoka, 2006) . According to Yasuoka, about 100 Baka people stayed there and lived off forest food resources for about two months, from February to April 2002. Among diverse food items acquired, wild yam tubers were the most important as an energy source during the trip. In northeastern Republic of Congo, six groups of Aka hunter-gatherers, consisting of 15-75 persons, engaged in hunting trips for 6-27 days, during which they were almost independent of agricultural products, which supplied only 11% of their total energy intake (Kitanishi, 1995) . Here also wild yam tubers were one of their major energy sources. In addition, the Late Pleistocene sites excavated by Mercader and Martí (2003) were slightly distant from the region of these surveys. These findings suggest a high likelihood of a hunting-gathering lifestyle at least in the forest at the northwest margin of the Congo Basin. However, some questions still remain to be solved.
Carrying capacity of the African tropical rainforest
First we will discuss how many people can live off forest food resources over many years, i.e. the carrying capacity of this forest. The tubers of yams and yam-like plants are the most important foods for a foraging life in the forest and a key food involved in the 'wild yam question.' Referring to the little available data on yams and yam-like tubers in the forest of the Lobaye Region, Central African Republic (Bahuchet et al., 1991) and in the southern Cameroon forest (Hladik and Dounias, 1993) , we will examine this question based on the research of standing stem density and tuber productivity of yams and yam-like plants conducted in the forest from Ndongo Village to Moloundou town using the line-transect method (Sato, 2001 ). As shown in Table 17 , the tuber biomass of yams and yam-like plants in six sites was estimated at 5.3-17.0 kg per hectare. The vegetation at three sites (total length of line-transects: 4 m × 6 km) showing higher values (15.3-17.0 kg/ha) was in the secondary forests including fallows, whereas that of the other three sites (total length of line-transects: 4 m × 7 km), the productivity of 3 Statistical significance: *P < 0.05, **P < 0.01, ***P < 0.001. which was 5.3-8.7 kg/ha, had few anthropogenic disturbances. Here we will adopt the value of 5.0 kg/ha as the tuber biomass of yams and yam-like plants in this region since that in a forest site, almost all of which had a microvegetation type, 'manja,' was 5.3 kg/ha. 'Manja' is a forest with a closed canopy and occupied a large part of our survey area. Next we will calculate what weight of tubers of yams and yam-like plants an adult person requires per year based on our survey. The fresh weight of yam tubers intake was estimated at 611.2 kg in August 2003 and 928.7 kg in October 2005, which were converted to 2.06 and 2.18 kg per consumption-day, respectively. Adopting the value in the rainy season, we can calculate the annual requirements of yam tubers at about 800 kg per person. We consider the utilization ratio of yam tubers biomass as one-fifth, referring to the data of Bahuchet et al. (1991) from the Central African Republic. Thus we can estimate the forest area that will reserve 4000 kg of annual tuber requirements per person at 8 square kilometers. Carrying capacity in the survey area was 0.125 person/km 2 , which is similar to the 0.14 person/km 2 in Yasuoka's 'molongo' area (Yasuoka, 2006) and 0.10 person/km 2 in the Lobaye Region (Bahuchet et al., 1991) . It St: Student's t-test: *P < 0.05, **P < 0.01, ***P < 0.001. Figure 4 . Plot of foraging activity sites recorded by GPS. This figure was made based on the daily activities of 12 cooperators (7 males and 5 females) recorded by GPS. A researcher recorded the geographical position of each new site by GPS every time a cooperator changed the site or the foraging activity. The number of sites plotted was 17 for yam collecting by 5 males and 2 females, 14 for panda nuts collecting by 3 males and 4 females, 5 for wire-snaring by 2 males, and 5 for other activities by 1 male and 3 females.
is noteworthy that this value could indeed be modest. We referred to the value of tuber biomass, 5.3-8.7 kg/ha in three sites that had few anthropogenic disturbances in the calculation of carrying capacity. More than 70% of tuber biomass in these three sites was from perennial yam plants such as Dioscorea minutiflora, D. smilacifolia, and D. burkiliana, whereas the tubers of annual D. praehensilis hardly contribute to the biomass. As was observed in all six sites, these three species of perennial yam plants must be distributed evenly over any forest. This means that these three perennial yam plants have the potential to sustain a carrying capacity comparable to 0.08 person/km 2 . As shown in our survey and Yasuoka's 'molongo,' however, the tubers of annual D. praehensilis were indeed necessary for a pure foraging lifestyle in this region. We should know how much productivity this plant has, but it is difficult to determine the tuber biomass because the plants clump and the clumps are scattered over the broad forest. As the yam collecting sites were concentrated in Mount Bek, there was a large clump of D. praehensilis on the slope and top of the mountain, the biomass of which had been estimated at 118 kg/ha by Sato (2006) . According to the cooperators, there were three clumps of D. praehensilis around the camp other than at Mount Bek and they mentioned their names, Mboto, Mokinda, and Mokondo, all of which were the names of hills. Yasuoka (2006) also reported several clumps of D. praehensilis which were used during the long-term expedition. Although Hart and Hart (1986) mentioned that the Mbuti in the Ituri Forest did not have clumped food such as tuberous plants in the Hadza and the mongongo nut in the Kalahari San, the Baka in the northwestern forest of Congo Basin could have many clumps of D. praehensilis. As it is difficult to determine clearly the tuber productivity of this plant, whose clumps are scattered about, with ordinal methods such as line-transects, we could not obtain useful data for it immediately. However, the facts that the clump at Mount Bek had a huge biomass of tubers and actually supplied a large amount of tubers for consumption, and there were at least several clumps around the survey area, suggest that taking into account the tuber productivity of D. praehensilis, we can expect a much larger carrying capacity from this forest than that mentioned above. In addition, although no tubers of Dioscoreophyllum cumminsii and only a few tubers of D. semperflorens were used in this survey, those tubers also could contribute to a foraging life in some areas as these yams and yam-like plants, especially D. semperflorens, played an important role as energy sources in both Yasuoka's 'molongo' (Yasuoka, 2006) and hunting trips of the Aka hunter-gatherers (Kitanishi, 1995) .
As mentioned above, it is unlikely that the hypothesis of the 'wild yam question' applies at least to this region, the southeastern part of Cameroon. We have insufficient data on the species of Dioscoreaceae to extend our conclusion to any other African tropical rainforest, whereas we can expand on their distribution. Although the annual species of Dioscoreaceae are commonly distributed in dry forest and woody savanna, D. praehensilis and D. semperflorens are particularly found in tropical rainforests (Hamon et al., 1995) . However, these two species cannot be seen in the two botanical reports of importance in the Ituri Forest (Hart and Hart, 1986; Tanno, 1981) , presumably because its vegetation type favors evergreen rainforests, where less productivity of D. praehensilis can be expected (Hladik et al., 1984) . As Headland (1987) pointed out, the 'wild yam question' might be correct in evergreen tropical rainforests. According to White (1983: 79) , however, the type of drier peripheral semi-evergreen rainforest, a synonym for semi-deciduous forest, which covers the entire survey area, occurs in the gatherers, when, and how long they lived there, neither we can determine the extent to which the inhabitants altered the vegetation of Mount Bek, nor to whether the altered vegetation contributed to increasing yam tuber productivity. There were several abandoned farmers villages, which were on the old map issued in 1910, around many yam patches which were used by the Baka people in Yasuoka's 'molongo' (Yasuoka, 2009 ). Yasuoka said that the activities of forest people, including the Baka, might have influenced the distribution of yam patches or the productivity of yam plants, especially annual yams, but not directly; we agree with Yasuoka's view. Archeological and historical surveys around Mount Bek need to be done. Here we will mention another possible factor linked to the high productivity of yam tubers. It is that the survey area was a hilly area. Much more sunlight can reach the surface of the top and slopes of hills than on the surface of flat forest. Such areas are suited to the genus Dioscorea of light-demanding plants, especially annual species. All the places of D. praehensilis clumps that the Baka cooperators named were hills. Extensive geomorphological surveys can bring in new findings for the tuber biomass and the distribution of yam plants.
The seasonality of D. praehensilis The next question is the seasonality of D. praehensilis, which renews both stem and tuber annually (Hladik and Dounias, 1993) . According to the cooperators, the amount of tubers they can collect will be slightly smaller in April-May, the minor rainy season, because some tubers of D. praehensilis sprout. Yasuoka (2011) described that the 'molongo' finished in the middle of April because fibrous tubers or tubers with a bad taste became more common due to germination. The minor rainy season, April-May, can be said to be the severest season for harvesting tubers of D. praehensilis. In April 2010, we conducted a similar two-week survey with the Baka cooperators, eight couples and their four children. The previous survey area could not be used because of new zoning laws for that forest area in Cameroon. Therefore the cooperators established the campsite in a forest area about two hours on foot from their settlement. The forest around the campsite, a semi-deciduous forest, was used daily for snaring or for short hunting trips by the Baka people. Concerned that this area was under high hunting-gathering pressure, and with the restricted use of wire snares by the cooperators to catch prey during the foraging trip, we decided to shorten the survey period. Here we will focus on the collecting activity of wild yam tubers, publishing the details of this survey elsewhere. As shown in Table 18 , 576 kg of fresh tubers of yams and yam-like plants were collected during the 14-day survey period. The tubers of D. praehensilis accounted for more than 90% of collected tubers, as in our previous surveys. We also examined the weight of collected fresh tubers per consumption-day to compare the tuber productivity of yams and yam-like plants between four seasons; the minor dry, major rainy, and minor rainy season in our survey and the major dry season in Yasuoka's survey. Calculating the consumption-day, we adopted the conversion factors in Yasuoka's study, i.e. boy and girl 12 or over, and adult = 1, boy and girl between 2 and 12 = 0.5, and infant under 2 = 0. The value of D. praehensilis in the minor rainy season (1.97) is slightly less than that in the minor dry season (2.27) and much less than that in the major rainy season (2.66), but considerably larger than that in the major dry season (1.36). These facts are different from the accepted knowledge on the seasonality of D. praehensilis. According to Mckey et al. (1998) , its biological cycle consists of a stem growth phase in April-May, a development phase in JuneAugust, and a resting phase in September-March. Focusing on the tuber development, Dounias described its biological cycle as follows: D. praehensilis, which renews its aerial stem and tuber reserve every year, uses its tuber as an energy source for the sprouting and growth of new stems from April to July, stores tuber reserves from August to November, and then keeps its tuber reserves at maximum for the next sprouting after March (Dounias, 2001) . He also pointed out that November-March is the best period for harvesting tubers. Generally agreeing, Yasuoka revised it to the period from November to April from his observations of 'molongo' The conversion factors of consumption-day in Yasuoka's study were adopted to compare our studies with Yasuoka's study. Conversion factors in Yasuoka's study: boy and girl 12 or over and adult = 1; boy and girl between 2 and 12 = 0.5; infant under 2 = 0. (Yasuoka, 2006) . In short, Dounias and Yasuoka say that April and August are not good seasons for harvesting the tubers of D. praehensilis due to expending tuber reserves for renewing stems and the early phase of storing new tuber reserves, respectively. Our three surveys seems to support their view: the weight of collected fresh tubers per consumption-day in October (the major rainy season) was the largest, followed by that in August (the minor dry season) and that in April (the minor rainy season) was the least. However the lowest value in April (1.97) was much larger than that in the major dry season from February to April in Yasuoka's survey (1.36). Although we were unable to directly compare these values, as the circumstances of the survey were not identical, the difference is too large to ignore. How could the much larger amount of D. praehensilis tubers collected in April and August than in the major dry season, December-March, or that a sufficient amount of D. praehensilis tubers to enable a foraging life for 2-3 weeks was collected in April and August, be accounted for? Although the length of survey periods and the number of cooperators is problematic, here we will lay out a likely hypothesis. As shown in Figure 2 , the graph of rainfall in this region has bimodal peaks, which we can also see in the rainfall graph at Moloundou in Dounias's paper (Dounias, 2001: 138) . In fact, this region, including the survey area, has two distinct rainy seasons, April-May and SeptemberNovember, and two dry seasons, June-August and December-March. Thus, it is possible that the beginning of the major rainy season in September is also another starting point for the biological cycle of D. praehensilis, although Dounias considered the beginning of the minor rainy season, AprilMay, as its starting point (Dounias, 2001 ). If it is correct, the best period for harvesting the tubers of this type could be April-August and it is likely that the sympatric presence of two types of D. praehensilis, which have different biological cycles, account for the relatively large amount of collected tubers in August or for the lack of seasonal disadvantage in the minor rainy season. Endicott and Bellwood (1991) mentioned the reason why wild yam tubers in the Malay Peninsula could be obtained at any time of year was that the dry season was so slight that it did not coordinate the tubering of different yam plants. Experimental research on how two dry seasons a year can result in tubering of yam plants or annual tubers productivity is needed.
2. The implications of this survey to reconstruct the Paleolithic foraging lifestyle in the African tropical rainforest Essential food for the Paleolithic foraging life in the African tropical rainforest
Considering the high contribution of wild yam tubers to the food supply in our survey and Yasuoka's 'molongo,' they were the most dependable food for a purely foraging life in this region. Although the cooperators obtained various food items during the survey period, we could not find other reliable foods that had the potential to supply over 50% of dietary energy requirements. Among wild yam tubers, the supply of the annual plant D. praehensilis was particularly notable. D. praehensilis is likely to have been an essential food for the Paleolithic foraging life in the African tropical rainforest. We cannot know its productivity for certain as yet, but many clumps of this plant are present in this region. As a clump could supply a large amount of tubers to about 20 persons for 3 weeks in this survey area, and several clumps about 100 persons for more than 1 month in the northern part of this region (Yasuoka, 2006) , these clumps could have sustained a Paleolithic foraging life. In addition, perennial wild yam plants also should have contributed to it because they had considerable biomass and were ubiquitously distributed in any forest (Sato, 2001) ; in fact, they supplied a fair amount of tubers during the nomadic period of 'molongo' (Yasuoka, 2006) .
The results of this survey and Yasuoka's 'molongo' indicated that various kinds of food other than wild yam tubers also could be important key foods that supported a Paleolithic foraging life. Among others, wild game, nuts, fish, honey, and insects must have played complementary roles as energy and protein sources. Below we will mention the significance of each food type and their issues with foraging activity.
Although the hunting gear used in this survey comprised wire snares and iron spears, all game were caught with wire snares and almost all of them were forest duikers. Since Paleolithic hunters might have used only stone spears, it is unlikely that the amount of catch per person or per unit of time spent could exceed that of this survey where efficient wire snaring was conducted. According to Yasuoka (2011) , the Baka iron spear hunters caught red river hogs or dwarf forest buffalos in six of ten cases of collective hunting forays including more than four hunters. Although Yasuoka noted that spear hunting was not suited for forest duikers, if a hunting method such as the driving method which Mbuti archers (Harako, 1976) or net hunters (Tanno, 1976; Ichikawa, 1983) in the Ituri Forest adopted, i.e. driving the duikers hidden in the bush out into the open and shooting them or into nets, was used, Paleolithic spear hunters may well have hunted forest duikers. The problem is that Paleolithic hunters who were devoted to hunting would have had no time for collecting wild yam tubers. Game meat must have played an important role for Paleolithic people, not only in a nutritional aspect but also in an emotional aspect as pleasure food.
(ii) Nuts Almost all nuts collected in this survey were P. oleosa. Since this fruit has a hard-shelled seed, it takes eight months to three years for this fruit to germinate after falling (Vivien and Faure, 1996) . Therefore many black seeds, the size of table tennis balls, usually can be seen on the surface around this tree. Furthermore because this tree is common in the survey area, it is not difficult to collect seeds anytime and anywhere. Beside P. oleosa, several species of the genus Irvingia are also common in the survey area. Although few irvingia seeds were collected in this survey, it is quite usual for the Baka people to enter the forest to gather these seed nuts in the minor dry season, from June to August. Supplying a fair amount of dietary energy and enhancing the flavor of food as a source of dietary oil, nuts such as panda nuts and irvingia nuts must have been of substantial importance for Paleolithic hunter-gatherers. A particular problem is that Paleolithic gatherers would have spent a lot of time and effort shelling nuts after collecting seeds, and did so without the use of iron tools. In this survey couples usually collected seeds and shelled nuts in pairs using machetes. Judging from our observation, there would have been few differences in working efficiency between iron tools and stone tools. Rather, it needs to be considered whether Paleolithic women gatherers engaged by themselves in nut-collecting activity. Having been considered light work, this must have placed a considerable burden on Paleolithic woman gatherers. (iii) Fish
In this survey a small but indispensable amount of fish was procured in the dry season. Fish are indeed a valuable animal food source in this area, where there are two dry seasons. The present Baka cooperators knew three fishing methods-net fishing, hook and line fishing, and dam and bail fishing-whereas Paleolithic hunter-gatherers would have conducted only dam and bail fishing. Nevertheless, this last method is a reliable and effective means of catching fish. Engaging in it for one hour in a neighboring stream, even a solitary woman can obtain a sufficient catch for her family. Furthermore this fishing method does not need iron tools. In this survey, normal dam and bail fishing was a woman's task, whereas men with spears joined in a special type of dam and bail fishing targeting big catfish hiding in holes on the bank. Considering the ease of fishing activities and the stability of fish procurement, fish must have been a contributor to the typical Paleolithic foraging life beyond the numbers in this survey. (iv) Honey and insects Although significant amounts of honey were not collected in this survey, it is well known that honey is a most attractive food for all pygmy groups (Ichikawa, 1981; Bahuchet, 1985; Kitanishi, 1995; Yasuoka, 2006) . The Baka people, both men and women, pay special attention to seeking out honeycomb whenever they enter the forest. As Ichikawa (1981) reported, the Mbuti depend on honey for the bulk of their food in the rainy season. Honey must also have been a most valuable food for Paleolithic hunter-gatherers. The present Baka men usually cut down a tree with an iron ax to get honey, whereas Paleolithic hunters would have had no choice but to climb to get the honey. Climbing would have been much riskier than cutting, no matter which was the more effective.
Although there were various edible insects in this area, only termites were collected in this survey. Finding plump termites gave the cooperators great pleasure. Many kinds of edible insects, such as beetles, lepidopteran larvae, and termites, which can be gathered with simple tools or even without tools, must have been considered precious food as animal protein sources for Paleolithic hunter-gatherers in some seasons or in some areas.
Beside these foods, other diverse food items were obtained during both survey periods. The longer the survey period, the more the variety of food items increases. Although Hart and Hart (1986) and Bailey and Headland (1991) pointed out the high cost in accessing food resources in small, widely dispersed patches as one of challenges facing foragers in tropical rainforests, we will cite the presence of large, densely distributed patches of annual wild yam plants and the tremendous resource diversity regardless of the sparse distribution of each food resource as factors that enhance the possibility of a Paleolithic hunting-gathering lifestyle in this area.
The Paleolithic foraging lifestyle in the African tropical rainforest was not easy
The cooperators went out to collect yam tubers every 2 days in this survey. Such an activity pattern must have resulted from the facts that (1) yam tubers spoil in a couple of days after being dug out, and (2) the yam collecting places were not so close that they could visit them every day. Whereas the gathering activities in hunting-gathering societies heretofore have been described as women's work, in this survey husband and wife commonly engaged together in yam collecting activity. It must have been because wiresnaring, men's work, was very economical in terms of work. Setting 10-20 wire-snares in a couple of days, men made the round of snares every morning and/or on the way back from other activities for half an hour at most. Wire-snaring is not only economical but effective. In this survey wire-snares were set in the forest where people rarely hunted and were so strong that they could provide a large amount of catch: 0.7-1.2 kg per consumption-day. However, Paleolithic hunters without wire-snares and other iron hunting gear could not have afforded the time to join in the yam collecting activity but were compelled to dedicate themselves solely to hunting activity. If so, a woman must have had to seek, dig out, and carry back yam tubers of about 10 kg for her family every 2 days by herself. This would have been fairly hard work for women. To solve this problem, Paleolithic hunter-gatherers must have built their camp as close to the clump of annual yam plants as possible. However, they could not always have done so because they had to secure other kinds of food and water, all of which might not have been close to the yam clump. The reason why in this survey the cooperators did not build their camp close to the yam clump was certainly that they could not have done so. Since there was no watering place along the mountain roads between the camp and the yam clump, they set their camp on the bank of the Leke River where they could easily get both water and fish. Furthermore, digging tubers would have been harder for Paleolithic gatherers since they did not have iron points for their wooden digging sticks. The Baka people can make and use two types of wooden digging stick, 'ngbafa' and 'bodunga.' 'Ngbafa' is a simple digging stick, the end of which is sharply cut, and 'bodunga' is a special wooden stick, the end of which is cut into four parts which are chamfered and fixed with vines like a cone, to dig out tubers of D. praehensilis and D. semperflorens deep in the ground (see Dounias, 1993: 628) . The present Baka people rarely use these wooden sticks now because they have iron points. Wooden sticks are suited for soft soil but not for soil and gravel, whereas a wooden stick with an iron point attached can be used for both soil types. Furthermore, making a 'bodunga' is a timeconsuming task, but the attachment of an iron point to the end of a wooden stick is fast and easy. According to Hurtado and Hill (1989) , Machiguenga women using wooden tools spent two to three times as many minutes in digging and peeling manioc tubers as women using machetes and knives.
An important consideration of a foraging lifestyle in tropical rainforests is the large energy expenditure required. We estimated the daily energy intake at 2528-2865 kcal per person in the dry season and 2479-2777 kcal per person in the rainy season. Since there was no large fluctuation in the body weight of cooperators during both survey periods, the daily energy intake, i.e. total energy intake (TEI), could be considered as the daily energy expenditure, i.e. total energy expenditure (TEE). We can estimate the mean BMR from the body weight of the cooperators at 1413 kcal/day in males and 1141 kcal/day in females in the dry season and at 1425 kcal/day in males and 1190 kcal/day in females in the rainy season (FAO, 2001 ). If the physical activity level (PAL: TEE/BMR) were the same for both sexes, we can calculate approximate PAL value at 1.98-2.24 in the dry season and 1.90-2.12 in the rainy season substituting total energy intake for total energy expenditure. According to FAO (2001) , a lifestyle with a PAL value of 1.70-1.99 is classified as an active or moderately active lifestyle, and that of 2.00-2.40 as a vigorous or vigorously active lifestyle. Leonard and Robertson (1992) , who studied the bioenergetics of primates from the evolutionary viewpoint, described the PAL values of two hunter-gatherer groups as 1.71 for males and 1.51 for females of the !Kung and 2.15 for males and 1.88 for females of the Ache. The PAL value of the Baka is higher than that of the !Kung and seems to be comparable to that of the Ache. It is noteworthy that both higher groups are tropical rainforest foragers. In this sense, as per Bailey et al., such costs as searching and traveling for resources in small, widely dispersed patches are high in the tropical rainforests, particularly for centrally placed foragers like the cooperators in this survey staying in camps for a certain period . Yamauchi et al. (2000) reported on the daily physical activity level of African populations, including the Baka leading a village life in their sedentary settlement. Among more than ten populations, a farmer group in Gambia had the highest PAL value in both sexes: 2.02 for males and 1.97 for females, which are equivalent to that in this survey. In contrast, the Baka leading a village life had a PAL value of 1.41 for males and 1.56 for females, corresponding to sedentary or light activity lifestyle in the classification of FAO (2001) . The hunting-gathering life examined in this survey suggests a most active level of daily life for human survival. Paleolithic hunter-gatherers without iron tools in tropical rainforests may have led a much more severe foraging life.
Who were Paleolithic hunter-gatherers in the African tropical rainforest?
Finally we will address the question of who such Paleolithic hunter-gatherers in the tropical rainforest of the Congo Basin would have been. We believe they would most likely have been the ancestors of present pygmy groups for two reasons: one is that their physical features were unlikely to be established without close association with their environment in tropical rainforests, and the other is recent genetic evidence.
Hiernaux argued that the physical characteristics of the Mbuti pygmy, shorter stature, low and wide nose and lighter skin color, represents their biological adaptation to the hot and humid equatorial forest (Hiernaux, 1975a) . Agreeing with Hiernaux, Cavalli-Sforza developed a convincing argument that a selective factor must have been whether the heat produced inside the body could be effectively dissipated in a hot and humid environment and the pygmy's short stature and low weight would have resulted from the adaptation for heat dissipation in the hot and humid tropical rainforest (Cavalli-Sforza, 1986) . That is, the adaptation to a hot and humid forest environment, where convection, radiation, and evaporation cannot be expected to effectively dissipate body heat, would have been accomplished by 'miniaturizing' the body, short stature and low weight, resulting in decreasing heat production. Both are consistent in that the pygmy's physical features are genetic and the consequences of adaptation to tropical rainforests. Although we basically agree, we still question Cavalli-Sforza's argument. Should tropical rainforests be regarded as so hot and humid? We know that the maximum temperature reaches most 30°C during the day in the tropical rainforest of the Congo Basin and before dawn the temperature drops to 20°C; those who lived in the Congo Basin may have felt rather chilly in the early morning. In general the humidity reaches 80-90% on chilly mornings whereas it drops to less than 60% as the temperature rises during the afternoon, and it is rather cooler on rainy days. Could such climatic conditions have been a selective factor for Paleolithic hunter-gatherers?
Both Hiernaux (1975a, b) and Cavalli-Sforza (1986) concluded that nutrition would not have been solely responsible for pygmies' physical features. Nor do we think so, but, as mentioned already, the hardness of foraging life in the tropical rainforest, i.e. the high cost paid to secure food requirements, may have been a contributing factor to their short stature and low body weight. For example, if a 25-year-old man weighing 60 kg and his twin weighing 50 kg lead their lives at a PAL (TEE/BMR) value of 2.0, the former's BMR is 1595.6 kcal and TEE 3191 kcal and the latter's BMR 1445.1 kcal and TEE 2890.1 kcal (see FAO, 2001: 37) . The former needs 300 kcal of energy more than the latter. This is equivalent to about 300 g in wild yam tubers. In tropical rainforests, where the cost of exploiting resources is high, smaller food requirements could be of great advantage. Thus the small body weight of the pygmy would have been a likely evolutionary development. Hiernaux (1975a: 117) thought that the pygmy's physical features were genetic in orgin and the period of 20000 years indicated by prehistory would be long enough for selection to establish the present pygmy's gene pool. Cavalli-Sforza calculated the separation between Khoisan, Mbuti, and other African groups to be about 10000-20000 years based on 20 loci (Cavalli-Sforza, 1986: 414) . By considering new genetic information, he revised the separation time to be 18000 years BP (Cavalli-Sforza et al., 1994) . Recently it has been reported that the separation between pygmy groups and Bantu groups would have taken place less than 70000 years ago based on the analysis of mitochondrial (mt) DNA (QuintanMurci et al., 2008) . Furthermore resequencing 24 independent noncoding regions across the genome, Patin et al. (2009) inferred the separation time between pygmy huntergatherers and African farmers to be 60000 years BP and the separation between the western and the eastern groups of pygmy as 20000 years BP. As for the latter, elsewhere, the separation time has been estimated at 18000 years BP based on mt-DNA analysis (Destro-Bisol et al., 2004) . This genetic information indicates that the divergence between pygmy groups and other African groups was 70000-60000 years BP and the divergence of two Pygmy groups 20000-18000 years BP. If this is correct, it is likely that Paleolithic huntergatherers in the African tropical rainforest were the ancestors of present pygmy groups considering their physical features.
Conclusion
This study, the observations on two 20-day controlled foraging trips in the minor dry season of August 2003 and the major rainy season of October 2005 in southeastern Cameroon, found no evidence that it was impossible for human beings to live independently of farmed agricultural products in a tropical rainforest environment. In both seasons a sufficient amount of food was constantly acquired, without any food shortages, allowing the Baka cooperators to maintain their body weight during the survey period. Among more than 60 kinds of foods procured during the survey periods, wild yam tubers provided more than 60% of their estimated energy intake in both seasons, followed by game meat and wild nuts. These three major types of food supplied 90% of their dietary energy. Wild yam tubers, especially the annual plant D. praehensilis were found to be an essential food to enable a foraging life in the southeastern Cameroon rainforests. The productivity of D. praehensilis in this survey area was sufficient for six to eight families of the Baka cooperators to maintain a foraging lifestyle for 20 continuous days, with each marriage couple engaged in collecting yam tubers every 2 days. We also considered the implications of this study for the possibility of a Paleolithic foraging lifestyle existing in the African tropical rainforest.
In conclusion, we proved that the hypothesis of the 'wild yam question' could not be applied to all tropical rainforests. In the northwestern Congo basin, rich in wild yam tubers, a foraging lifestyle is possible although at a high energy cost to secure sufficient food resources to maintain it. This implies that a Paleolithic foraging lifestyle in the African tropical rainforest may well have been possible, although not easy, and that Paleolithic foragers may have been the ancestors of the present 'pygmy' hunter-gatherers.
